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(54) Automatic engine-stop control apparatus for internal combustion engine 

(57) An automatic engine-stop control apparatus for 

a vehicle includes a vehicle speed sensor and a brake FiQ 2 

pedal depression sensor which are coupled to a control s " 

unit. The control unit is programmed to decide that the 
vehicle speed detected by the vehicle speed sensor is 
smaller than or equal to a predetermined stop expected 
speed (S6) when the brake pedal depression sensor 
detects that the brake pedal is depressed, and to decide 
that the vehicle is stopped when a predetermined time 
period elapses from a moment that the vehicle speed 
becomes smaller than or equal to the predetermined 
stop expected speed and when the depression of the 
brake pedal is continued (S8-S10). 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an apparatus for automatically stopping an internal combustion engine 
when a vehicle equipped with the engine is stopped. 

[0002] Japanese Patent Provisional Publication No. 8-291 725 discloses an automatic engine stop and start appa- 
ratus applied to a vehicle equipped with an internal combustion engine and an automatic transmission. 

10 SUMMARY OF TH5 INVENTION 

[0003] However, this conventional apparatus is arranged to decide that the vehicle speed is zero on the basis of a 
signal from a vehicle speed sensor. Accordingly, if a detection limit of the vehicle speed sensor is not so high, there is 
a possibility that the vehicle speed sensor outputs a zero-speed indicative signal even when an actual vehicle speed is 

15 not zero. Further, on the basis of this incorrect zero-speed decision of the vehicle speed, the conventional apparatus 
will execute an automatic engine-stop operation by stopping the supply of fuel to the engine. Accordingly, the driving 
force of the engine is suddenly decreased during a braking of the vehicle. Consequently, the braking force is radically 
increased by this sudden engine stop to increase a deceleration of the vehicle, and therefore a driver of this vehicle has 
discomfort. Further, the vehicle will be stopped at a point that is nearer than a point intended by the driver. 

20 [0004] It is therefore an object of the present invention to provide an improved automatic engine stop control appa- 
ratus that is arranged to suitably solve the above-mentioned problems. 

[0005] An automatic engine-stop control apparatus according to the present invention is for an internal combustion 
engine of a vehicle. The automatic engine stop control apparatus comprises a vehicle speed sensor and a brake pedal 
depression sensor which are coupled to a control unit. The control unit is programmed to decide that the vehicle speed 
25 detected by the vehicle speed sensor is smaller than or equal to a predetermined stop expected speed when the brake 
pedal depression sensor detects that the brake pedal is depressed and to decide that the vehicle is stopped when a 
. predetermined time period elapses from a moment that the vehicle speed becomes smaller than or equal to the prede^ * » : ?•< <^ ur j ■*< , 
termined stop expected speed and when the depression of the brake pedal is continued. ..'i5ff^^-^r^j?;-.r.^ ' 5 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

Fig. 1 is a schematic view showing a construction of first to third embodiments of an automatic engine-stop control 
35 apparatus according to the present invention. 

Fig. 2 is a flowchart showing an automatic engine-stop control employed in the first embodiment according to the 
present invention. 

Fig. 3 is a time chart explaining the operation of the vehicle employing the automatic engine stop control apparatus 
of the first embodiment. 

40 Fig. 4 is a flowchart showing an automatic engine stop control employed in the second embodiment according to 
the present invention. 

Fig. 5 is a time chart explaining the operation of the vehicle employing the automatic engine stop control apparatus 
of the second embodiment. 

Pig. 6 is a flowchart showing an automatic engine stop control employed in the third embodiment according to the 
45 present invention. 

Fig. 7 is a time chart explaining the operation of the vehicle employing the automatic engine stop control apparatus 
of the third embodiment. 

DETAILED DESCRIPTION QF THE INVENTION 

50 

[0007] Referring to Figs. 1 to 3, there is shown a first embodiment of an automatic engine-stop control apparatus 
according to the present invention. 

[0008] As shown in Fig. 1 , an internal combustion engine 1 for a vehicle V is connected to a continuously variable 
transmission (CVT) 3 through a motor generator 2 which functions as a generator and an electric motor. The motor gen- 
55 erator 2 is in direct connection with a crankshaft (not shown) of the engine 1 and is synchronously rotated with the 
engine 1 . The CVT 3 comprises a torque converter 4, a forward/reverse selector clutch 5 and a belt type continuously 
variable transmission (BTCVT) 6, as schematically shown in Fig. 1 . Drive torque of the engine 1 is transmitted to a drive 
shaft 7 and tires 8 through the CVT 3. 
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[0009] Although the first embodiment is arranged such that the motor generator 2 is in direct connection with the 
engine 1 , the motor generator 2 may be connected to the engine 1 through a belt mechanism or chain mechanism. Fur- 
ther, a muiti-speed automatic transmission may be employed instead of the BTCVT 6. 

[001 0] A control unit (controller) 1 5 comprises a microcomputer basically constituted by CPU, ROM, RAM, A/D con- 
5 verter, and Input/Output interface. The control unit 15 is coupled to various sensors and receives various input signals 
for detecting information indicative of vehicle condition. 

[001 1 ] The various sensors include a rotation speed sensor 9 for detecting a rotation speed of the engine 1 and the 
motor generator 2 and outputting a signal indicative of the rotation speed, a vehicle speed sensor 10 for detecting a 
vehicle speed VSP of the vehicle V and outputting a signal indicative of the vehicle speed, an accelerator opening sen- 

w sor 1 1 for detecting a depression amount of an accelerator pedal (not shown) and outputting a signal indicative of the 
depression amount, a brake switch 12 for detecting whether a brake pedal (not shown) is depressed or not and output- 
ting a signal indicative of the decision as to the depression of the brake pedal, and a brake pressure sensor 20 for 
detecting a brake pressure PBRAKE of brake hydraulic operated in a braking system and outputting a signal indicative 
of the brake pressure PBRAKE. The depression amount detected by the accelerator opening sensor 1 1 corresponds to 

is an accelerator opening. 

[001 2] The control unit 1 5 is coupled to fuel injectors 25 of the engine 1 and controls fuel injection quantity and tim- 
ing of each fuel injector 25 on the basis of signals from the above-mentioned various sensors and control programs pre- 
viously stored in the control unit 15. Further, the control unit 15 executes a decision as to whether the vehicle V is 
running or stopping and an automatic stop control of the engine 1 on the basis of this decision and control programs 
20 stored in the control unit 15. Furthermore, the control unit 15 executes a start control of the engine 1 . More specifically, 
the control unit 15 outputs a target torque and a target rotation speed of the motor generator 2 to execute the drive or 
generation of the motor generator 2 through an inverter 1 6 to start the operation of the engine 1 . The inverter 1 6 is con- 
nected to a battery 1 7 for supplying and receiving electric energy to and from the motor generator 2 through the inverter 
16. 

25 [001 3] Next, the automatic engine-stop control of the engine 1 executed by the control unit 1 5 will be discussed with 
reference to a flowchart of Fig. 2. The flowchart of Fig. 2 schematically shows a control program of the automatic 
engine-stop control and includes a decision routine for. deciding whether the vehicle is running or not. This decision rou- 
tine is employed to execute the automatic stop of the engine 1. This routine is implemented at predetermined control 
cycles after the engine 1 is warmed up. 

30 [0014] At a step S1, the control unit 15 reads an idle SW flag #flDLE indicative of a depressed condition of the 
accelerator pedal. More specifically, if the accelerator pedal is depressed, that is, when the engine 1 is not put in an 
idling condition, the flag is set at 0 (#f IDLE=0). If not, that is, when the engine 1 is put in the idling condition, the flag is 
set at 1 (#flDLE=1). 

[001 5] At a step S2, the control unit 1 5 decides whether the engine 1 is put in the idling condition or not. When the * 
35 decision at the step S2 is affirmative (#f!DLE=1), the routine proceeds to a step S3. When the decision at the step S2 • 
is negative (#f IDLE=0), the routine proceeds to a step S7. 

[0016] At the step S3, the control unit 15 checks a condition of the brake switch 12. 

[001 7] At the step S4, the control unit 1 5 decides whether the brake switch 1 2 is tuned on or not. When the decision 
at the step S4 is affirmative, the routine proceeds to a step S5. When the decision at the step S4 is negative, the routine 
40 proceeds to the step S7. 

[0018] At the step S5 following to the affirmative decision at the step S4, the control unit 15 reads a vehicle speed 
VSP from the vehicle speed sensor 10. 

[0019] At the step S6, the control unit 1 5 decides whether or not the vehicle speed VSP is smaller than or equal to 
a predetermined stop expected speed VEZERO#. In this embodiment, the predetermined stop expected speed 
45 VEZERO#, at which it is expected that the vehicle will be stopped, is set within a range from 1 to 2 km/h. When the deci- 
sion at the step S6 is affirmative, the routine proceeds to a step S8. When the decision at the step S6 is negative, the 
routine proceeds to the step S7. 

[0020] At the step S7 following to the negative decision at the step S2, S4 or S6, the control unit 1 5 resets a counted 
time DTZERO of a timer provided in the control unit 15 at zero (DT2ERO=0). That is, when the accelerator pedal is 
so depressed, when the brake pedal is not depressed, or when the detected vehicle speed VSP is greater than the stop 
expected speed VEZERO#, the routine proceeds to the step S7 wherein the timer is reset so that the counted time 
(DTZERO) is reset at an initial value 0. 

[0021] On the other hand, when the accelerator pedal is not depressed, when the brake pedal is depressed, and 
when the vehicle speed VSP is smaller than or equal to the stop expected speed VEZERO#. the routine proceeds to 
55 the step S8 wherein the timer starts counting up the counted time DTZERO by a predetermined value TSTEP# 
( DTZERO=DTZERO(previous value)+TSTEP# ). The counting for adding the predetermined value TSTEP# to the pre- 
vious counted time DTZERO(previous value) by each control cycle is executed only when all of the above three condi- 
tions axe satisfied. 
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[0022] At a step S9 following to the execution of the step S7 or S8, the control unit 15 decides whether the counted 
time DTZERO is greater than or equal to a predetermined decision time TMZERO#. When the decision at the step S9 
is affirmative, the routine proceeds to a step S10 wherein a vehicle stop flag #FVZERO is set at 1 (#FVZERO=1). When 
the decision at the step S9 is negative, the routine proceeds to a step S1 1 wherein the vehicle stop flag #FVZERO is 
5 set at 0 (#FVZERO=0). Trie decision time TMZERO# includes an extremely low-speed coasting time DTOFSET# and 
is determined at a predetermined time period within a range from 1 to 2 second upon taking account of a deviation due 
to the accuracy of the vehicle speed sensor 10. 

[0023] When the.vehicle stop flag #FVZERO is set at 1 (#FVZERO=1 ), the control unit 1 5 commands the fuel injec- 
tors 25 to stop the fuel injection. That is, by setting the vehicle stop flag #FVZERO at 1 , the engine 1 is stopped. 

w [0024] With the thus arranged automatic engine-stop control apparatus of the first embodiment, in a condition that 
the detected vehicle speed VSP becomes smaller than or equal to the stop expected speed VEZERO# by depressing 
the brake pedal and releasing the acceleration pedal and the depression of the brake pedal is continued in order to stop 
running of the vehicle V, when the predetermined stop decision time TMZERO# elapses from the moment that the 
detected vehicle speed VSP becomes smaller than or equal to the stop expected speed VEZERO#, the control unit 15 

15 decides that the actual vehicle speed is zero and therefore the vehicle V is stopped, as shown in Fig. 3. Therefore, the 
decision that the vehicle V is stopped is accurately executed, and it becomes possible to accurately execute the stop of 
the engine 1. 

[0025] That is, the automatic engine-stop control apparatus of the first embodiment according to the present inven- 
tion detects that the detected vehicle speed VSP becomes smaller than the stop expected speed VEZERO# just before 

20 the vehicle V is stopped. If the braking is continued after the apparatus detects that the detected vehicle speed 
becomes smaller than the stop expected speed, and if a predetermined time period elapses from the moment that the 
detected vehicle speed reaches the stop expected speed, this apparatus decides that the actual vehicle speed is zero 
and stops the engine 1 on the basis of this vehicle stop decision. This arrangement of the first embodiment according 
to the present invention enables the engine 1 to be accurately stopped according to the stop of the vehicle V. 

25 [0026] Even if a driver of the vehicle V momentarily weakens the braking just before the vehicle V is stopped so as 
to smoothly stop the vehicle, the apparatus of the first embodiment according to the present invention accurately 

. .decides the stop of the vehicle V because the vehicle stop decision time is set to include the extremely low-speed coast- 
ing time corresponding to the braking-weakened running period. ■:: j ; \ 3 $ 
[0027] Accordingly, even if the accuracy of the vehicle speed sensor 1 0 is not high, the apparatus of the f irst embod- 

30 iment smoothly stops the engine 1 according to the stop of the vehicle V so as to prevent shocks caused by stopping 
the engine 1 only based on the detection value of the vehicle speed sensor 10 of the conventional method. This 
arrangement according to the present invention prevents the driver from having the discomfort of receiving this shock 
and improves the reliability of the automatic stop of the engine 1 . 

[0028] On the other hand, the vehicle speed will temporally become smaller than or equal to the stop expected 
35 speed when the vehicle runs on a climbing road even if the acceleration pedal is depressed. However, the automatic 
engine-stop control of the first embodiment according to the present invention is arranged to decide that the vehicle V 
is stopped when the acceleration pedal is released. Accordingly, even if the detected vehicle speed becomes smaller 
than or equal to the stop expected speed during a climbing road running, the apparatus according to the present inven- 
tion controls the engine 1 to rotate on, and therefore the preferable drivability is maintained. 
40 [0029] In this embodiment, it is preferable that the stop expected speed VEZERO# is set to be as small as possible 
within a range where the vehicle speed sensor 1 0 can detect. Since the stop expected speed VEZERO# is set at a vehi- 
cle speed just before the vehicle has just been stopped, a generally constant value is provided to an extremely short 
time period from the moment that the vehicle speed becomes smaller than or equal to the stop expected speed 
VEZERO# to the moment that the vehicle V is stopped. Further, if the stop expected speed VEZERO# is set at a further 
45 small value, it becomes possible to further decease a fluctuation of the time period to the vehicle stop and to set the 
stop decision time TMZERO# at a suitable value. This enables the apparatus to decide the stop of the vehicle V at fur- 
ther early time. 

[0030] Referring to Figs. 4 and 5, there is shown a second embodiment of the automatic engine stop control appa- 
ratus according to the present invention. This second embodiment is arranged to obtain a deceleration at a moment just 

so before the detected vehicle speed becomes smaller than or equal to the stop expected speed and to determine the stop 
decision time on the basis of the obtained deceleration. A flowchart of Fig. 4 schematically shows a control program of 
the automatic engine-stop control. The mechanical and electrical construction of the second embodiment is the same 
as that of the first embodiment as shown in Fig. 1. Therefore, the explanation thereof is omitted herein. 
[0031 ] With reference to the flowchart of Fig. 4, the control procedure of the second embodiment will be discussed 

55 hereinafter. 

[0032] At a step S21 , the control unit 1 5 reads the idle SW flag #f IDLE. 

[0033] At a step S22, the control unit 15 decides the engine 1 is put in idling condition or not. When the decision at 
the step S22 is affirmative (#f IDLE=1 , the routine proceeds to a step S23. When the decision at the step S22 is negative 
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(#flDLE=0). the routine proceeds to a step S27. 

[0034] At the step S23. the control unit 1 5 checks a condition of the brake switch 1 2. 

[0035] At the step S24, the control unit 1 5 decides whether the brake switch 1 2 is turned on or not. When the deci- 
sion at the step S24 is affirmative, the routine proceeds to a step S25. When the decision at the step S24 is negative, 
5 the routine proceeds to the step S27. 

[0036] At the step S25 following to the affirmative decision at the step S24, the control unit 15 reads the vehicle 
speed VSP from the vehicle speed sensor 10. 

[0037] At the step S26, the control unit 15 decides whether or not the detected vehicle speed VSP is smaller than 
or equal to the stop expected speed VEZERO#. When the decision at the step S26 is affirmative, the routine proceeds 
io to a step S30. When the decision at the step S26 is negative, the routine proceeds to the step S27. 

[0038] At the step S27 following to the negative decision at the step S22, S24 or S26, the control unit 1 5 calculates 
a vehicle deceleration DLTVSP by subtracting a previous vehicle speed VSPZ from a present vehicle speed VSP 
(DLTVSP=VSPO-VSPZ). 

[0039] At a step S28 following to the execution of the step S27, the control unit 15 updates the previous vehicle 
is speed VSPZ with the present vehicle speed VSP ( VSPZ= VSP ). 

[0040] At a step S29 following to the execution of the step S28, the control unit 1 5 resets the counted time DTZE RO 
of the timer is reset at zero (DTZERO=0). 

[0041] That is, when the accelerator pedal is depressed, when the brake pedal is not depressed, or when the 
detected vehicle speed VSP is greater than the predetermined stop expected speed VEZERO#, the routine proceeds 
20 to the step S27 to update the previous vehicle speed VSPZ and reset the counted time DTZERO of the timer. 

[0042] On the other hand, when the accelerator pedal is not depressed, when the brake pedal is depressed, and 
when the vehicle speed VSP is smaller than or equal to the predetermined stop expected speed VEZERO#, the routine 
proceeds to the step S30 wherein the stop decision time TMZERO is determined by using the following equation (1): 

25 TMZERO=(VEZERO#-VOFSET#)/DLTVSPxTJOB#+DTOFSET# (1) 

where TJOB# is a calculation cycle; and VOFSET#;is;a.braking:weakened vehicle speed ensured by momentarily 
weakening braking force just before the vehicle is stopped. . 

[0043] At a step S31 following to the execution of the step S30/the control unit 15 starts to count up the counter 

30 time DTZERO of the timer. 

[0044] That is, the stop decision time TMZERO is obtained by adding the extremely low-speed coasting time DTOF- 
SET# to a time period from a moment of the stop expected speed VEZERO# to a moment when a driver momentarily -v 
weakens the braking so that the vehicle speed is set at the braking-weakened vehicle speed VOFSET#. The extremely 
low-speed coasting time DTOFSET# is set at a constant value. 

35 [0045] When the accelerator pedal is not depressed, when the brake pedal is depressed, and when the detected 
vehicle speed VSP is smaller than or equal to the predetermined vehicle speed VEZERO#, the counted time DTZERO 
of the timer is incremented by a predetermined value TSTEP# at every control cycle 
( DTZERO=DTZERO(previous value)+TSTEP# ). 

[0046] At a step S32 following to the execution of the step S31 or S29, the control unit 15 decides whether the 
40 counted time DTZERO of the timer is greater than or equal to the stop decision time TMZERO or not. When the decision 
at the step 32 is affirmative, that is, when the counted time DTZERO of the timer becomes greater than or equal to the 
stop decision time TMZERO, the control unit 15 decides that the actual vehicle speed is zero and the vehicle V is 
stopped. Then, the control unit 15 sets the vehicle stop flag #FVZERO at 1 (#FVZERO=1) at a step S33. Further, when 
the vehicle stop flag #FVZERO is set at 1 (#FVZERO=1 ), the control unit 1 5 commands the fuel injectors 25 to stop the 
45 fuel injection. That is, by setting the vehicle stop flag #FVZERO at 1 , the engine 1 is stopped. 

[0047] When the decision at the step S32 is negative, the routine proceeds to a step S34 wherein the vehicle stop 
flag #FVZERO is set at 0 (#FVZERO=0). 

[0048] With the thus arranged automatic engine-stop control apparatus of the second embodiment according to the 
present invention, as shown in Fig. 5, on the basis of the deceleration DLTVSP at the moment just before the vehicle 

so speed VSP detected by the vehicle speed sensor 10 becomes smaller than or equal to the stop expected speed 
VEZERO#, when the elapsed time reaches the sum of a first time period and a second time period where the first time 
period is a time period from the moment when the detected vehicle speed becomes smaller than or equal to the stop 
expected speed VEZERO# to the moment when the detected vehicle speed is decreased to the braking-weakened 
speed and the second time period is the extremely low-speed coasting time DTOFSET#, it is decided that the actual 

55 vehicle speed is zero and the vehicle V is stopped. 

[0049] That is, the timing for momentarily weakening the braking for stopping the vehicle V is estimated by the 
deceleration DLTVSP at the moment just before the detected vehicle speed becomes smaller than or equal to the stop 
expected speed VEZERO#. Further, when the elapse of the extremely low-speed coasting time DTOFSET# from this 
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estimated period is detected, it is decided that the actual vehicle speed is zero and the vehicle V is stopped. Therefore, 
the decision of the vehicle stop is further accurately executed, and the accuracy of the stop decision is further improved 
by the second embodiment. 

[0050] Referring to Figs. 6 and 7, there is shown a third embodiment of the automatic engine stop control apparatus 
5 according to the present invention. The third embodiment is arranged to vary the stop decision time on the basis of the 
brake pressure PBRAKE detected by the brake pressure sensor 20. A flowchart of Fig. 6 schematically shows a control 
program of the automatic engine-stop control of the third embodiment The mechanical and electrical construction of 
the third embodiment is the same as that of the first embodiment as shown in Fig. 1 . Therefore, the explanation thereof 
is omitted herein. 

10 [0051 ] With reference to the flowchart of Fig. 6, the control procedure of the second embodiment will be discussed 
hereinafter. 

[0052] At a step S41 , the control unit 1 5 reads the idle SW flag #f IDLE. 

[0053] At a step S42, the control unit 15 decides whether the engine 1 is put in idling condition or not. When the 
decision at the step S42 is affirmative, the routine proceeds to a step S43. When the decision at the step S42 is nega- 
is tive, the routine proceeds to a step S47. 

[0054] At the step S43, the control unit 1 5 checks a condition of the brake switch 1 2. 

[0055] At the step S44, the control unit 1 5 decides whether the brake switch 1 2 is turned on or not. When the deci- 
sion at the step S44 is affirmative, the routine proceeds to a step S45. When the decision at the step S44 is negative, 
the routine proceeds to the step S47. 
20 [0056] At the step S45 following to the affirmative decision at the step S44, the control unit 15 reads the vehicle 
speed VSP from the vehicle speed sensor 10. 

[0057] At the step S46, the control unit 1 5 decides whether or not the detected vehicle speed VSP is smaller than 
or equal to the stop expected speed VEZERO#. When the decision at the step S46 is affirmative, the routine proceeds 
to a step S52. When the decision at the step S46 is negative, the routine proceeds to the step S47. 

25 [0058] At the step S47 following to the negative decision at the step S42, S44 or S46, the control unit 1 5 calculates 
a vehicle deceleration DLTVSP by subtracting a previous vehicle speed VSPZ from a present vehicle speed VSP 
;.;CDLXVSP=VSP0-VSPZ). - . r.'sr^v^.i^-^r^v.^, 

> i [0059] : At a.step S48 following to the execution of the step S47, the control unit 15 updates the previous.vehiple , V , . uq * \ ~. . . 
speed VSPZ with the present vehicle speed VSP (VSPZ= VSP). ■■ Srr-^s-/ 

30 [0060] At a step S49 following to the execution of the step S48, the control unit 1 5 reads the brake hydraulic pres- 
sure PBRAKE from the brake pressure sensor 20. 

[0061] At a step S50, the control unit 15 sets a reference value PBRAKE0 at the detected brake pressure PBRAKE 
( PBRAKE0=PBRAKE ). 

[0062] At a step S51 , the control unit 1 5 resets the counted time DTZERO of the timer is reset at zero (DTZERO=0). 
35 [0063] That is, when the accelerator pedal is depressed, when the brake pedal is not depressed, or when the 

detected vehicle speed VSP is greater than the predetermined stop expected speed VEZERO#, the routine proceeds 

to the step S47 to update the previous vehicle speed VSPZ, to set the reference value PBRAKEO at the detected brake 

pressure PBRAKE ( PBRAKE0=PBRAKE ) and to reset the counted time DTZERO of the timer. 

[0064] On the other hand, when the accelerator pedal is not depressed, when the brake pedal is depressed, and 
40 when the vehicle speed VSP is smaller than or equal to the predetermined vehicle speed (stop expected speed) 

VEZERO#, the routine proceeds to the step S52 wherein the stop decision time TMZERO is determined by using the 

equation (1), as explained in the second embodiment. 

[0065] At a step S53 following to the execution of the step S52, the control unit 15 reads the detected brake pres- 
sure PBRAKE from the brake pressure sensor 20. 

45 [0066] At a step S54 following to the execution of the step S54, the control unit 15 starts to count up the counted 
time DTZERO of the timer. That is, when the accelerator pedal is not depressed, when the brake pedal is depressed, 
and when the vehicle speed VSP is smaller than or equal to the predetermined stop expected speed VEZERO#, the 
counted time DTZERO of the timer is basically incremented by a predetermined value TSTEP# at every control cycle. 
However, the predetermined value TSTEP# is corrected by a ratio (PBRAKE/PBRAKEO) of the present brake pressure 

so PBRAKE with respect to the reference brake hydraulic pressure PBRAKEO. Accordingly, the counted time DTZERO is 
counted up by a corrected value TSTEP#x PBRAKE/PBRAKEO , and therefore the counted time DTZERO is obtained 
by the following equation (2): 

DTZERO=DTZERO(previous value )+TSTEP#x PBRAKE/PBRAKEO (2) 

55 

[0067] That is, when the brake pedal is further depressed as compared with the depressed condition at the moment 
the detected vehicle speed VSP becomes smaller than or equal to the stop expected speed VEZERO#, the incre- 
mented value TSTE P# x P B R AKE/P B R AKE0 is increased to accelerate the counting of the timer. When the depression 
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of the brake pedal is decreased as compared with the depressed condition at the moment the detected vehicle speed 
VSP becomes smaller than or equal to the stop expected speed VEZERO#. the incremented value 
TSTEP#xPBRAKE/PBRAKEO is decreased to decelerate the counting the timer. 

[0068] At a step S55 following to the execution of the step S51 or S54, the control unit 15 decides whether the 

5 counted time DTZERO is greater than or equal to a predetermined decision time TMZERO. When the decision at the 
step S55 is affirmative, the routine proceeds to a step S56 wherein the vehicle stop flag #FVZERO is set at 1 
(#FVZERO=1). When the decision at the step S54 is negative, the routine proceeds to a step S57 wherein the vehicle 
stop flag #FVZERO is set at 0 (#FVZERO=0). When the vehicle stop flag #FVZERO is set at 1 (#FVZERO=1), the con- 
trol unit 15 commands the fuel injectors 25 to stop the fuel injection. That is, by setting the vehicle stop flag #FVZERO 

io at 1 , the engine 1 is stopped. 

[0069] With the thus arranged automatic engine-stop control apparatus of the third embodiment according to the 
present invention, as shown in Fig. 7, the counting speed of the time DTZERO of the timer is variably determined after 
the detected vehicle speed VSP becomes smaller than or equal to the stop expected speed VEZERO#. On the basis 
of the elapsed time of the timer, it is decided that the actual vehicle speed is zero and the vehicle V is stopped. More 

15 specifically, when the braking force caused by the braking is increased, the time period to the stop of the vehicle is 
shortened. Therefore, in such a braking increased condition, the stop decision is advanced. In contrast, when the brak- 
ing force is decreased, the time period to the stop of the vehicle V is elongated. Therefore, in such a braking decreased 
condition, the stop decision is retarded. Accordingly, even if the braking operation is changed after the detected vehicle 
speed VSP becomes smaller than or equal to the stop expected speed VEZERO#, the automatic engine-stop control 

20 apparatus of the third embodiment according to the present invention generally simultaneously executes the decision 
that the actual vehicle speed is zero and the decision that the vehicle V is stopped in response to the braking operation. 
This further improves the accuracy of the stop decision of the vehicle V. 

[0070] The entire contents of Japanese Patent Applications No. 1 1 -32438 filed on February 10,1 999 in Japan are 
incorporated herein by reference. 
25 [0071 ] Although the invention has been described above by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art, in light of the above teaching. The scope of the invention is defined 
with reference to the following claims. <: v-#~ir*.* » ^ 

30 Claims 

1 . An automatic engine-stop control apparatus for a vehicle, comprising: 

a vehicle speed sensor outputting a vehicle speed indicative signal: 

35 a brake pedal depression sensor outputting a signal indicative that a brake pedal is depressed: and 

a control unit coupled to said vehicle speed sensor and said brake pedal depression sensor, said control unit 
being programmed to decide that the detected vehicle speed is smaller than or equal to a predetermined stop 
expected speed when the brake pedal is depressed, and to decide that the vehicle is stopped when a prede- 
termined time period elapses from a moment that the detected vehicle speed becomes smaller than or equal 

40 to the predetermined stop expected speed and when the depression of the brake pedal is continued. 

2. An automatic engine-stop control apparatus as claimed in claim 1 , wherein said control unit previously stores the 
predetermined time period therein. 

45 3. An automatic engine-stop control apparatus as claimed in claim 1, wherein said control unit is programmed to 
determine a low-speed coasting time generated by decreasing the depression of the brake pedal just before the 
vehicle is stopped, and to determine the predetermined time on the basis of the low-speed coasting time. 

4. An automatic engine-stop control apparatus as claimed in claim 1 , wherein said control unit is programmed to cal- 
50 culate a deceleration of the vehicle at a moment just before the detected vehicle speed becomes smaller than or 

equal to the predetermined stop expected speed and to determine the predetermined time period on the basis of 
the calculated value of the deceleration. 

5. An automatic engine-stop control apparatus as claimed in daim 1 , further comprising a braking force detector for 
55 detecting a braking force caused by the depression of the brake pedal, said control unit being coupled to said brak- 
ing force detector and determining the predetermined time period on the basis of the detected braking force. 

6. An automatic engine-stop control apparatus as claimed in claim 5, wherein said braking force detector includes a 
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brake pressure sensor which detects a brake hydraulic pressure of a braking apparatus of the vehicle. 



7. An automatic engine-stop control apparatus as claimed in claim 1 , further comprising an acceleration opening sen- 
sor for outputting a signal indicative of the depression amount, said control unit being coupled to said acceleration 
5 opening sensor and being programmed to stop deciding that the vehicle is stopped when the acceleration pedal is 
depressed. 



8. An automatic engine-stop control apparatus as claimed in claim 1 , wherein said control unit commands a fuel injec- 
tor of the engine to stop injecting fuel. 

10 

9. An automatic engine-stop control apparatus for a vehicle, comprising: 



vehicle speed detecting means for detecting a vehicle speed of the vehicle; 

braking detecting means for detecting that a braking of the vehicle is executed by a driver of the vehicle; 
is vehicle speed deciding means for deciding that the detected vehicle speed is smaller than or equal to a prede- 

termined stop expected speed; and 

running stop deciding means for deciding that the vehicle is stopped when a predetermined time period 
elapses from a moment that the detected vehicle speed becomes smaller than or equal to the predetermined 
stop expected speed and when the braking is continued. 

20 

10. A method for executing an automatic stop of the engine, the method comprising: 



detecting a vehicle speed of a vehicle; 

detecting that a braking of the vehicle is executed by a driver of the vehicle; 
25 deciding that the vehicle speed is smaller than or equal to a predetermined stop expected speed when the 

braking is executed; and 

deciding that the vehicle is stopped when a predetermined time period elapses from a moment that the vehicle . 
speed becomes smaller than or equal to the predetermined stop expected speed and when the braking is con- ; 
tinued. 

30 

11. A vehicle-stop deciding apparatus of a vehicle, comprising: 

a vehicle speed sensor outputting a vehicle speed indicative signal; 

a brake pedal depression sensor outputting a signal indicative that a brake pedal is depressed: and 
35 a control unit coupled to said vehicle speed sensor and said brake pedal depression sensor, said control unit 

being programmed to decide that the detected vehicle speed is smaller than or equal to a predetermined stop 
expected speed when the brake pedal is depressed, and to decide that the vehicle is stopped when a prede- 
termined time period elapses from a moment that the detected vehicle speed becomes smaller than or equal 
to the predetermined stop expected speed and when the depression of the brake pedal is continued. 

40 

12. A method for deciding a stop of a vehicle, the method comprising: 

detecting a vehicle speed of the vehicle; 

detecting that a braking of the vehicle is executed by a driver of the vehicle; 
45 deciding that the vehicle speed is smaller than or equal to a predetermined stop expected speed when the 

braking is executed; and 

deciding that the vehicle is stopped when a predetermined time period elapses from a moment that the vehicle 
speed becomes smaller than or equal to the predetermined stop expected speed and when the braking is con- 
tinued. 



55 
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FIG.6 
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(57) An automatic engine-stop control apparatus for 
a vehicle includes a vehicle speed sensor and a brake 
pedal depression sensor which are coupled to a control 
unit. The control unit is programmed to decide that the 
vehicle speed detected by the vehicle speed sensor is 
smaller than or equal to a predetermined stop expected 
speed (S6) when the brake pedal depression sensor de- 
tects that the brake pedal is depressed, and to decide 
that the vehicle is stopped when a predetermined time 
period elapses from a moment that the vehicle speed 
becomes smaller than or equal to the predetermined 
stop expected speed and when the depression of the 
brake pedal is continued (S8-S10). 
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